cell, which means approximately two chiasmata per bivalent. The distribution of chiasmata can be classified, in general, as 34 distal, 19 median (or interstitial) and 6.5 proximal (or nearly so). Often, there occur 0-3 rod bivalents and 2-4 bivalents possess proximal chiasmata. The data suggest that in the autoploids originating from it, neither chiasma frequency and nor the distribution of chiasmata, per se, would be restrictive to multivalent formation.
Autotetraploid: The spore mother cells from all the three generations of the autotetraploid (C0, C1 and C2) revealed, in general, relatively fewer number of quadri valents (involving less than 2/3 of the sets of four homologues) and larger number of bivalents (Figs. 1, 2) , which is important. The mean chiasma frequency in the autotetraploid, pooled over the generations, is 115, which is not significantly different from double that of its diploid progenitor. This is not unexpected, but it is note worthy that chiasma frequency cannot be limiting to multivalent formation in the autotetraploid. The theoretical possibility of the maximum of 30 quadrivalents was never realized in any of the nuclei at diakinesis or metaphase I. The quadrivalents dis -junct regularly, and fertile spores are produced invariably. Trivalents and uni -valents were observed in only 3 out of the 43 spore mother cells scored. In one cell, there was a trivalent and a univalent. In the other two cells, there were either two or four univalents without the accompanying trivalents. These three cells, owing to their low frequency, are excluded from the analysis of means and deviation from expectation. Table 1 summarises the frequency distribution of quadrivalents in Co, C1 and C2 generations of autotetraploid.
On an average, there are 14.425 quadrivalents and 31.15 bivalents per cell. The analysis of variance shows, how ever, that difference between the quadrivalent frequency in the three generations is highly significant (P=<0.001).
The data cannot, therefore, be pooled. But, there is no heterogeneity between the C1 and the C2 generations, and the mean of their pooled data calculates to 15.23IV and 29.54II per cell (Table 1 ). The apparent, and significant, increase in the quadrivalent frequency of C1 and C2 generations over the C0 generation may be partly due to the increased level of homozygosity as these generations were derived from intergametophytic selfing. An important observa tion is, that the increase in quadrivalent frequency in C2 generation does not still involve 2/3 of the chromosomes in quadrivalents. Autotriploid: The expected chromosome associations of trivalents, bivalents and univalents occur at diakinesis (Fig. 3) . Likewise the autotetraploids, the maxi mum possible of 30 trivalents has never been observed. Finally, only eight perfectly analysable SMCs have been scored for chromosomal associations (Table 2) , which represent the general situation in the autotriploid. On an average, the associations are 15.625III, 15.375II, and 12.375I per cell. There is an apparent shortage of tri valents, and it is worthwhile to emphasise that the mean number of trivalents per cell (15.625) compares closely with the mean number of quadrivalents per cell in the corresponding C2-autotetraploid (15.7IV).
Analysis of quadrivalent frequency: The formation of mainly quadrivalents and bivalents in the autotetraploids (Figs. 1 and 2) , and the preponderance of bi valents can be accommodated in the model of John and Henderson (1962) , con sidering random association of the arms of the homologues and distal-median distribution of chiasmata (cf. Durrant 1960) . Now, if one assumes random associ ation of the arms of four homologues in each case (with two points of pairing in itiation), and that at least one chisma develops between three out of the four paired arms of the chromosomes, assuming further mostly distal-median chiasmata, the overall chromosome associations are expected to be quadrivalents and bivalents, without any or with few trivalents (Timmis and Rees 1971 present case of the Venus-hair fern, the number of quadrivalents and bivalents will occur in equal proportions (Timmis and Rees 1971) . In other words , approximately 2/3 of the sets of four homologues will occur as quadrivalents . More quadrivalents can result with more than two points of pairing initiation and high chiasma frequency . Non-homologous pairing: In the autotriploid, the number of bivalents and univalents can be inferred directly from the number of trivalents in a cell. For example, if there were 17 trivalents in a cell, one expects, as a balance, 13 bivalents and 13 univalents. Any increase in the number of bivalents from such an estimation indicates intragenomic non-homologous pairing within the residue of univalents of the extra set of chromosomes. It is then possible to detect the proportion of bivalents derived from pairing between non-homologues. In five out of the eight cells (Table 2) , the number of bivalents is slightly higher than numerically estimated from the number of trivalents in a cell. In the mean score, there are generally two such univalents giving rise to one extra bivalent. In one SMC (case 1 in Table 2 ) there must occur 8 univalents which form four extra bivalents through non-homolo gous pairing. Besides, in one spore mother cell (not included in Table 2 ), two distinct quadrivalents were observed which further support the occurrence of non homologous pairing.
Non-homologous or intragenomic chromosome pairing leading to the for mation of bivalents (and multivalents) indicates at least partial homology between the constituent chromosomes. There is obviously the liklihood of the haploid complement of A. capillus-veneris to contain sets of "homoelogous" chromosomes, as envisaged in general by Klekowski (1973) . Nonetheless, whether pairing between the so-called homoeologues occurs occasionally in the normal sexual diploid at the expense of pairing within homologues is difficult to visualise, and it is yet to be docu mented conclusively (cf. Klekowski 1973) . There is however some evidence in Ceratopteris thalictroides (Klekowski and Hickok 1974) , which cannot be gene-ralised. The present observation of non-homologous pairing relates to an auto triploid where univalents occur owing partly to randomness and partly to the pairing restriction.
Nevertheless, there is a support, from these, to the possibility of oc casional "homoeologous" recombination, as required in the hypothesis of Kle -kowski (1973) .
Discussion
It has been suggested by Klekowski (1973) that the so-called diploid species of homosporous ferns are ancient polyploids, and their haploid complements comprise two or more "homoeologous" genomes. Further, there is occasional chromosome pairing between the homoeologues together with a rigid genetic control on multi valent formation so that bivalent formation is the rule. The penetrance of such a system can be tested in induced autoploids. The formation of quadrivalents and of trivalents in the autotetraploid and the autotriploid respectively are not at all un expected, but their occurrence rules out any simple gene-controlled and fully pene -trant mechanism limiting chromosome associations to only bivalents. Any regu -latory mechanism appears to be so delicately balanced as to be upset by induced autoploidy. This is not a fresh conclusion, for it has already been demonstrated in the autoploid series of the royal fern, Osmunda regalis (Manton 1950). This is not to contradict, however, the evolution of regulatory mechanisms which ensure bivalent formation in the naturally occurring autoploids of Asplenium and Adiantum (Lovis and Vida 1969 , Vida 1970 , Manton, Sinha and Vida 1970 . The difference is between the established and the newly originated, the former being the product of natural selection.
The present observations in the autoploids of A. capillus-veneris assume im portance in the considerably lower frequency of multivalents as compared with those in Osmunda regalis (Manton 1950) . Another notable feature is the occurrence primarily of quadrivalents and bivalents in the autotetraploid. It has been em phasised that in A. capillus-veneris both chiasma frequency and distribution of chiasmata per se are not restrictive to multivalent formation.
The general paucity of quadrivalents and the rarity or near absence of trivalents in the autotetraploids are to be accommodated in the model of John and Henderson (1962) which assumes random association of chromosomes within each homologous set. The excess of bivalents over the expectation on this model, is partly due to the formation of proxi mal chiasmata in approximately three homologous sets. Further accentuation in the number of bivalents per cell occurs by pairing restriction (non-randomness), and following the method of Timmis and Rees (1971) it has been shown that at least five of the thirty homologous sets have restricted pairing. The analysis of chromosome associations in the autotriploid has fully confirmed the conclusion of non-randomness, and the estimation of pairing restriction at pachytene upon multi valent formation.
This corroboration emphasises the phenomenon of pairing restriction as an important factor in the evolution of fern genetic system by fa vouring the stabilisation and fertility of autopolyploids.
It is, therefore, probable that, instead of a simple gene control limiting chromo-some associations to bivalents (cf. Klekowski 1973), complete bivalent formation as in the naturally occurring autotetraploids in ferns, seem to have been evolved by a complex of factors which may restrict points of pairing initiation, influence lower ing of chiasma frequency, and favour the formation of proximal chiasmata. Such a multiple system, obviously under genetic control, would be analogous to the genetic control of pairing well known in various grain crops and grasses (see Jauhar 1975) . This could well accommodate the occasional non-homologous (or "homoeologous") pairing and recombination at the expense of pairing within homologues, as envisaged in the hypothesis of Klekowski (1973) . Evidence is produced in favour of the occurrence of pairing between non-homologues in the autotriploid A. capillus -veneris estimated from the frequency of trivalents and bivalents in different nuclei. It is to be hoped that similar investigations will be extended to a large number of ferns in order to assess the role of "homoeologous" pairing in the evolution of the fern genetic system.
Summary
The high basic chromosome numbers in homosporous ferns are polyploid in origin, and their haploid chromosome complements may contain two or more homo eologous sets of chromosomes (Klekowski 1973) . Therefore, chromosome as sociations in three generations of an autotetraploid of the Venus-hair fern, Adiantum capillus-veneris, have been analysed to test the possibility of a fully penetrant gene -controlled mechanism in the so-called diploid homosporous ferns which limit chromosome associations to only bivalents. Multivalent formation occurs in the autotetraploids, which, though not unexpected, is against a simple gene control to form only bivalents. In the autotetraploid, there are relatively fewer quadri valents and more bivalents. In the autotriploid, the frequency of trivalents com -pares closely with those of quadrivalents in the autotetraploids. The occurrence of large number of bivalents in the autotetraploids have been accommodated partly in the model of John and Henderson (1962) which assumes random association of chromosomes within each homologous set. Further accentuation in the number of bivalents occurs partly owing to proximal chiasmata, and partly due to a pairing restriction upon multivalent formation. Following Timmits and Rees (1971) , it has been estimated that at least five of the thirty homologous sets in the auto tetraploids and autotriploid of A. capillus-veneris associate themselves exclusively in pairs. Chromosome analysis in the autotriploid has also revealed evidence of non-homologous pairing, which seemingly supports the concept of "homoeologous" genomes comprising the haploid complements of extant diploid species in ferns, and also raises the probability of occasional homoeologous pairing and recombi nation coupled with the pairing restriction.
for help in the statistical analyses of the data.
